Abstract. Radiation therapy (RT) and endolaryngeal surgery are standard treatments for early-stage glottic cancer. They have closely matched oncological outcomes; however, it is debatable which method is superior in terms of functional outcomes. Several dosimetric studies have demonstrated that, compared with conventional RT, intensity-modulated RT (IMRT) reduces unnecessary radiation of the adjacent normal tissues, including the carotid artery and thyroid gland. However, RT targets the whole larynx, whereas endolaryngeal surgery is a highly focused treatment involving the en bloc resection of a tumor with safety margins. For T1a glottic cancer, in which the tumor is limited to one vocal cord, the technical feasibility of targeting IMRT on the single vocal cord affected has been investigated; however, the clinical feasibility and the possibility of inferior local control remain to be elucidated. In the present case study, IMRT was used to treat the whole larynx first, and then to treat a single vocal cord. The patient in the present study had T1a glottic cancer, and received volumetric modulated arc therapy with a total dose of 63 Gy/28 fractions. The first treatment phase (40.5 Gy/18 fractions) targeted the whole larynx to eliminate subclinical disease. The second treatment phase (22.5 Gy/10 fractions) targeted only the involved vocal cord. During this treatment phase, the exposure of the non-involved right vocal cord, the right carotid artery and the thyroid gland to the radiation was lower compared with the continuation of the initial treatment approach. These findings suggested that changing the target volume from the whole larynx to the affected vocal cord during the course of IMRT is feasible for T1a glottic cancer, and that it may reduce functional side effects while maintaining oncological outcomes.
Introduction
Due to the involvement of the vocal folds, patients with glottic cancer often present with hoarseness in the early stages of the disease (T1-2N0M0). Approximately 75% of patients with glottic cancer are diagnosed early (1) . For early-stage glottic cancer, two treatment options exist: radiation therapy (RT) and endolaryngeal surgery (with or without a laser). The two modalities offer excellent and comparable oncological outcomes (2) ; therefore, functional outcomes and toxicity profiles are the predominant considerations used to develop a therapeutic regimen (3) .
Endolaryngeal surgery involves the en bloc resection of a tumor with a safety margin (4) . In contrast, the target volume in RT encompasses the entire larynx, even for T1a glottic cancer, in which the entire tumor is limited to one vocal cord (5) . To decrease the irradiation of adjacent non-cancerous tissues, the use of intensity-modulated RT (IMRT) for early-stage glottic cancer patients has been recommended (6) (7) (8) . However, to date, few studies have investigated the possibility of changing the target volume. Only one institution in the Netherlands has investigated limiting the IMRT target volume to a single affected vocal cord for T1a glottic cancer (9) (10) (11) (12) (13) (14) ; their studies revealed that IMRT with a limited target volume was associated with a reduction in the irradiation of adjacent normal tissue. However, the oncological outcomes of limiting the target volume to a single vocal cord throughout the course of RT remain to be elucidated.
In a similar manner to routine fractionated RT for other tumor entities (15) , it was hypothesized that limiting the target volume to a single vocal cord for patients with T1a glottic cancer may be appropriate if it is performed following the completion of irradiation for subclinical microscopic disease in the larynx. In the present study, the results of a dosimetric analysis of a patient with T1a glottic cancer are shown, whose IMRT target volume was reduced from the whole larynx to the single vocal cord affected in the second phase of treatment. (16) . The present study was performed in accordance with the guidelines of our institutional review board; written informed consent was waived, since this is a case report with retrospective dosimetric analysis.
For RT simulation, the patient was immobilized in the supine position with a thermoplastic head and neck mask. A contrast-enhanced planning CT scan was performed using a 16-slice CT scanner (Brilliance CT Big Bore; Philips Medical Systems, Cleveland, OH, USA) with a 0.2-cm slice thickness. The initial clinical target volume (CTV) included the false and true vocal cords, anterior and posterior commissures, arytenoids and subglottic region, extending from the superior thyroid notch to the bottom of the cricoid cartilage. The planning target volume (PTV) was created by adding a 0.5-cm isotropic margin around the CTV. The contoured organs at risk (OAR) included the carotid artery, whole thyroid gland and spinal cord. The right and left common, internal and external carotid arteries were delineated from the sternoclavicular joints, and upward to the base of the skull.
A volumetric modulated arc therapy (VMAT) plan was created using the Eclipse Treatment Planning system (Varian Medical Systems, Inc., Palo Alto, CA, USA), as previously described (17) . A double-arc plan was generated using 6-MV photons and a high-definition multileaf collimator. The plan was normalized in order that ≥95% of the PTV received 100% of the prescribed dose. The prescribed dose in the initial plan was 40.5 Gy at 2.25 Gy per fraction. Prior to the end of the initial treatment session, a second planning CT scan was obtained, and only the affected left vocal cord was contoured as the CTV. The PTV was defined as the CTV plus a 0.5-cm margin. The prescribed dose of the reduced field (RF) volumetric modulated double-arc plan was 22.5 Gy in 10 fractions. Overall, the total prescribed dose was 63 Gy in 28 fractions. The treatment was performed using the Novalis Tx platform (Varian Medical Systems, Inc./BrainLab, Feldkirchen, Germany). The set-up was verified daily prior to treatment with ExacTrac X-ray monitoring (BrainLab), and weekly by cone-beam CT. The patient completed the scheduled treatment without interruption. During the course of treatment, the patient developed acute mild dysphagia, which subsided spontaneously.
Figs. 1 and 2 show the isodose distribution and the dose-volume histogram of the OAR, respectively, according to the target volume (initial or RF plan). To analyze the dosimetric advantages of the RF plan, the prescribed dose in the initial plan was modified to be identical with that of the RF plan (22.5 Gy/10 fractions). Table I shows that the adoption of the RF plan, compared with the initial plan, lowered the mean and maximum doses to the OAR.
Discussion
Unlike other head and neck cancers (18) , the application of IMRT (including VMAT) is not generalized in early-stage glottic cancer. Conventional RT delivered with lateral opposed beams is more commonly used for early-stage glottic cancer due to the small RT field and the lack of requirement for elective cervical node irradiation (17) . However, several institutions have demonstrated that IMRT is able to reduce unnecessary irradiation of the carotid artery, which may cause carotid artery stenosis and ischemic stroke (6) (7) (8) . Furthermore, it was demonstrated that IMRT is able to reduce irradiation not only to the carotid artery, but also to the thyroid gland, which is able to induce hypothyroidism (17) . It was proposed that an increased conformality with IMRT and organ motion may increase the risk of marginal failures (19) . However, a previous clinical study of IMRT for early-stage glottic cancer reported that the local control outcomes were comparable with those with conventional RT (20, 21) .
Another aspect of RT that should be investigated is the target volume range used for early-stage glottic cancer. Endolaryngeal surgery is a highly focused treatment for a gross tumor with safety margins (4), whereas the RT field encompasses the whole larynx (5). Targeting only the involved vocal cord with RT could further improve voice quality, and reduce the radiation exposure of the surrounding OAR. Osman et al (9) (10) (11) (12) , Levendag et al (13) and Kwa et al (14) explored the technical feasibility, and dosimetric advantages, of targeting only a single affected vocal cord with IMRT for T1a glottic cancer.
However, the clinical outcomes resulting from the adoption of this major change in the target volume remain to be elucidated. Janssen et al (22) reported a three-year local control rate of 95% for 41 patients with T1-2 glottic cancer, among whom 31 had received IMRT in which the target was restricted to the involved laryngeal side. The extent of local control appears to be high, although the present study did not report the local recurrence rate according to the target volume range, or the site of local recurrence. In addition, concurrent systemic chemotherapy has been administered to several patients with T2 tumors. Zumsteg et al (20) reported conventional RT (n=282) and IMRT (n=48) outcomes for patients with T1-2N0M0 glottic cancer. The IMRT target volume was the entire larynx. In total, 14 of 41 patients had recurrent bilateral vocal cord disease, although the tumor presentation (single or bilateral) was not specified. Lim et al (5) analyzed patterns of local failure following conventional RT for 222 patients with T1-2N0M0 glottic cancer. The local relapse sites of 29 patients who presented with a tumor confined to a single vocal cord included 28 cases of a tumor of the ipsilateral vocal cord, and one case of a tumor in the subglottis. The authors speculated that the absence of recurrence involving the contralateral vocal cord was due to the fact that the target volume involved the whole larynx.
Until the clinical feasibility of single vocal cord RT is verified, reducing the RT target volume to a single vocal cord Table I 
Target volume
-------------------------------------------------------------------------------------------------------------
A B
may be permissible if performed subsequently to completion of the irradiation necessary to sterilize subclinical disease in the larynx. Generally, a dose of 45-50 Gy in 2 Gy fractions is necessary to sterilize subclinical microscopic tumor cells (15) . In the present study, the patient began RF treatment following initial treatments of 40.5 Gy/18 fractions, considering a fraction dose of 2.25 Gy and incidental irradiation of the contralateral vocal cord during single vocal cord RT. During RF treatment, the radiation dose administered to the surrounding normal tissues, including the contralateral vocal cord, carotid artery and thyroid gland, was reduced compared with continuation of the initial IMRT plan (Figs. 1 and 2 , and Table I ). The normal tissue complication probability model of radiation-induced hypothyroidism indicated that the probability of hypothyroidism increases with a higher mean dose to the thyroid gland (odds ratio, 1.064/Gy) (23) . In a previous study, VMAT exhibited a median 8 Gy reduction in mean thyroid dose compared with conventional RT (17) . The RF plan used in the present study decreased the mean thyroid dose by an additional 2 Gy, and thus may have helped to minimize the risk of hypothyroidism. Furthermore, dose reduction to the vocal cord and the carotid artery is anticipated to improve voice quality and decrease the risk of cerebrovascular events, respectively. A second planning CT scan and re-planning for RF treatment is also beneficial with respect to the concept of adaptive IMRT (24) . The continuous use of an initial, highly conformal IMRT plan with no adjustment may increase the risk of marginal failure and toxicity, when the morphology of the target and the OAR change markedly during a treatment course with a duration of several weeks.
In conclusion, the present case study suggested that RF re-planning with a change in target volume from the whole larynx to the affected vocal cord during the latter course of IMRT for T1a glottic cancer may successfully be adopted. By following this scheme, functional outcomes ought to be improved, while exerting no detrimental effects on the already excellent oncological outcome.
